ABSTRACT The amino acid content in human hypophyseal growth hormone has been determined by chromatography on resin columns. On the basis of 29,000 for the molecular weight, the empirical formula of the hormone was obtained: lyslshis~argi4asp, vthr14ser~sglu34prouglyualal~-(1/2 cys)6valt~metc ileul oleu~ltyrl ophe~stryt (NH3)3~.
Analyses for moisture, ash, and nitrogen content were performed by the Microanalytical Laboratory of the Department of Chemistry of this University. The amino acid analyses were carried out according to the method of Spackman, Stein, and Moore (1) in the Beckman amino acid analyzer, model 120 (Beckman Instruments Inc., Spinco Division, Palo Alto, California). Weighed protein samples (2 to 4 rag) in 1 ml of glass-distilled constant boiling HC1 were sealed under vacuum in pyrex tubes and hydrolyzed at 110 -+-I°C for 22 or 70 hours, After hydrolysis the sample tubes were opened and taken to dryness over INaOH pellets in a vacuum desiccator. The residue in the tube was taken up in citrate buffer of pH 2.2, filtered, ff necessary, through a coarse sintered glass filter, and diluted to volume in a 5 ml volumetric flask; the 2 ml aliquots added to the ion exchange columns were removed by pipetting from this solution.
An air-dried preparation of highly purified human growth hormone gave the following analysis: N 13.18 per cent, ash 7.16 per cent, moisture 11.31 per cent; from these data, the nitrogen content for the ash-free anhydrous protein was computed to be 16.20 per cent. A 2.36 mg sample of this material was hydrolyzed for 22 hours and the hydrolysate was subjected to amino acid analysis; data in the first three columns in Table IV record the nitrogen and weight recovery. These results show that the hormone is made up entirely of amino acids. A total of 13 amino acid analyses from I0 different hormone preparations was performed on material that had been hydrolyzed for 22 hours at 110 4-I°C. The results obtained from each analysis were in good agreement, indicating that different preparations of the hormone were uniform in composition.
In order to correct for any loss of amino acids during hydrolysis, the results from two hydrolyses carried out for 70 hours at 110 4-1 °C were averaged. From the results obtained from the identical material hydrolyzed for only 22 hours, and by the method of estimation employed by Hirs, Stein, and Moore (2), the amount of amino
The Journal of General Physiology acid residue present at zero time of hydrolysis was determined. O n l y threonine and serine underwent any appreciable destruction during hydrolysis; the recovery of threonine after 22 hours of hydrolysis was calculated to be 90.44 per cent, and that of serine, 85.10 per cent. In addition, since the yields of valine, isoleucine, and leucine after 70 hours of hydrolysis were somewhat higher than after 22 hours, the values after 70 hours were taken as the true values. Finally, since the recovery of nitrogen during amino acid analysis was quantitative and since the true nitrogen content and the molecular weight (3) of the h u m a n hormone are known, it was possible to calcu- late the n u m b e r of each amino acid residue present in the molecule. T h e fourth column in T a b l e I V gives the average values of these numbers after correction as described above. T h e half-cystine content was determined as cysteic acid (4); the value of 5.7 represents the average obtained from analyses of 2 separate preparations of performic acid-oxidized growth hormone. Spectrophotometric determination of the t y r o s i n e / t r y p t o p h a n ratio (5) in several preparations consistently gave a value of 10 to 1, indicating one t r y p t o p h a n residue in one mole of protein. W h e n values in the fourth column in T a b l e I V were r o u n d e d off into integral numbers, the total n u m b e r of amino acid residues in h u m a n growth hormone was found to be 256 as r7 8
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shown in the last column of Table IV . Thus the molecular weight of the hormone, calculated on the basis of this composition, is 29,755.
